Funding information
Oregon State University's Department of Clinical Sciences Summer Student Research Grant, Grant/Award Number: VCS330-VCS8
Background: Diagnostic accuracy of the 3 mm laparoscopic cup biopsy forceps for collection of tissue samples from canine livers is unproven.
Hypotheses/Objectives: Compare sample surface area and portal triad count between 3 mm and 5 mm laparoscopic cup biopsies and compare the histologic diagnosis obtained by each instrument to a standard necropsy wedge. The hypothesis was that more portal triads and greater sample surface area would be found with the 5 mm samples and the laparoscopic instruments would not have significantly different levels of agreement with necropsy wedge diagnosis.
Animals: Twenty-one client-owned dogs undergoing necropsy.
Methods: Prospective ex vivo study. Three samples (3 mm, 5 mm, and wedge) were taken of 2 different hepatic divisions within 24 hours of death. Morphologic diagnosis, World Small Animal Veterinary Association histologic features, surface area, and portal triad numbers were compared among the 3 samples.
Results: There were significantly more portal triads (mean 21.4 versus 13.8; P < .0001) and a higher surface area (20.3 mm 2 versus 11.5 mm 2 ; P < .0001) in the 5 mm samples compared to 3 mm samples. Kappa coefficients and percent agreement for histologic diagnosis as compared to the wedge biopsy were not significantly different between the 2 instrument sizes (j 5 0.383 and 0.436, respectively; 67% and 69%, respectively).
Conclusions and Clinical Importance: Despite yielding smaller sample sizes, the 3 mm laparoscopic cup biopsy has a similar level of histologic diagnostic accuracy to the 5 mm instrument.
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| I N TR ODU C TI ON
The diagnosis of most hepatobiliary diseases is most reliably achieved through histopathology of the liver. 1 Cytology can be helpful in diagnosing malignancies or vacuolated diseases but the architecture of the liver lobule cannot be viewed, which limits diagnostic utility. 2 Histologic samples can be obtained in a minimally invasive manner by laparoscopic surgery. 3 Laparoscopic procedures are becoming increasingly common in veterinary medicine especially for diagnostic procedures, with the reported benefits of magnified visualization of the liver, timely identification of hemorrhage, decreased perioperative pain, and accelerated recovery times. [4] [5] [6] [7] Diagnostic accuracy and portal triad numbers obtained using less invasive liver biopsy sample methods have been tested. To date, the smallest sampling method that has equivalent histologic agreement (66%) with gold-standard large wedge biopsy is the 14-gauge (14 Ga) needle, when compared to larger sampling Abbreviations: WSAVA, World Small Animal Veterinary Association; CI, confidence interval. methods (5 mm cup and 8 mm punch biopsy instruments). 8 An18 Ga needle biopsy is a less accurate diagnostic method with a 49% agreement with gold-standard wedge biopsy for the full spectrum of histologic diagnoses. 9 Based on these 2 studies, a minimum of 2.9 portal triads per sample is suggested to yield an adequate diagnostic biopsy, whereas, previously a minimum of 4-6 portal triads per biopsy had been recommended for an accurate diagnosis. 8, 9 With the introduction of pediatric laparoscopy equipment, the 3 mm laparoscopic cup biopsy has been recommended for obtaining liver samples for histopathology in small animals. To the authors' knowledge, no peer-reviewed literature has evaluated the quality and diagnostic capabilities of 3 mm laparoscopic biopsy cup liver samples in dogs. Therefore, whether or not this equipment yields hepatic biopsy samples of similar diagnostic quality to 5 mm laparoscopic biopsy cups instruments remains unknown. 8 The resultant histologic necropsy diagnosis associated with the liver was used as the gold-standard to which study samples (3 mm laparoscopic cup and 5 mm laparoscopic cup) were compared.
Liver biopsy specimens were placed into separate cassettes based on sampling location and then immersed in 10% neutral buffered formalin at room temperature. After 24-72 hours of formalin fixation, samples were processed into paraffin at the Oregon Veterinary Diagnostic Laboratory, and 5 mm thick sections were mounted to glass slides and stained with hematoxylin and eosin after standard operating procedures. The resultant slides were randomly numbered by a technician preparing the slides who retained the key for unblinding at the conclusion of the study (Graphpad Prism 7 for Windows, v7.03, Graphpad Software, Inc., San Diego, California). A single board-certified veterinary pathologist (C.V. L€ ohr) reviewed each slide without knowledge of which slide came from which dog, the history, or of the necropsy findings until the conclusion of data collection.
The number of complete portal triads for each sample size was recorded. A portal triad in each sample was considered complete when 3 luminal structures (portal vein, hepatic artery, and bile duct) were visible. 12, 13 Sixteen histologic features were evaluated for the samples. An a priori power analysis was performed using previously published data on 14 Ga hepatic needle biopsies (mean of 2.9 6 standard deviation of 1.3 portal triads), as this represented the smallest biopsy size that yielded a diagnostic number of portal triads without significant diagnostic differences from larger biopsy instruments (8 mm punch or 5 mm cup). 8 The 
| R E SU LTS
Twenty-one medium and large-breed canine cadavers were sourced for the study. Agreement between each laparoscopic biopsy instrument and the standard necropsy wedge for WSAVA histologic criteria categories are reported in Table 1 Neoplasia was diagnosed in 4 dogs using the wedge and cup biopsy methods (Table 2 ). Of the samples that were diagnosed with neoplasia, percentage of positive results were 63% for either laparoscopic method and 63% for the wedge. Neoplasia was seen in both liver divisions in 75% of either the wedge or laparoscopic methods.
Primary fibrosis was identified in 4 dogs. In 2 dogs, both lobes had subcapsular fibrosis in both cup biopsies sizes whereas primary fibrosis or cirrhosis was identified in the wedge biopsies. In 1 dog, subcapsular fibrosis was present in 3 mm and 5 mm cup biopsies from both lobes but only 1 of the wedge biopsies. In another dog, subcaspular fibrosis was identified in the 3 mm or 5 mm cup biopsies from different lobes, whereas neoplasia and hepatitis were diagnosed on wedge biopsies from both lobes. Fibrosis in the wedge biopsies from 1 liver was absent in both the 3 mm and 5mm cup biopsies.
| D ISC USSION
The results of our study showed no significant difference in diagnostic The difference could be due to the peripheral location of the liver sample collection in the present study, compared to a central location in the previous study. In humans, many peripheral, subcapsular portal triads are actually diads. 14 While peripheral versus central laparoscopic biopsies have been compared and found similar in volume of hemorrhage, number of lobules, and portal triads, the edges are used more often clinically in laparoscopic biopsy. 2, 11 Having a larger sample size increases the diagnostic capability of a liver biopsy and surface area, and weight of the sample taken peripherally or centrally could be assessed in future studies. 15 The diagnostic agreement between both laparoscopic biopsy sample sizes and necropsy wedge diagnosis for both WSAVA histologic features and the morphologic diagnoses in the present study were No significant differences in these data were observed between the 3 mm and the 5mm when compared to the wedge.
comparable to a previous study showing 60% agreement. 8 The 
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